Nuclear NF-κB contributes to chlorpyrifos-induced apoptosis through p53 signaling in human neural precursor cells.
Chlorpyrifos (CPF) is one of the most widely used organophosphate insecticides with several harmful effects, including neurotoxicity. Although many studies have addressed the neurotoxicity induced by CPF, most data on neurodevelopmental damage was obtained from animal models. We are the first group to use human neural precursor cells (hNPCs) derived from human embryonic stem cells (hESCs) as a developing neuron model to evaluate the mechanisms involved in CPF-induced neurotoxicity. CPF was cytotoxic to these cells in a concentration-dependent manner, as shown by decreased cell viability and increased lactate dehydrogenase release. Furthermore, CPF reduced the expression of AKT and ERK proteins which are involved in intracellular survival pathways. Exposure of hNPCs to CPF led to the production of reactive oxygen species (ROS), and the antioxidant N-acetyl-cystein (NAC) attenuated ROS production induced by CPF. In addition, CPF increased cytochrome c release into the cytosol and activated caspase-9 and -3, indicating that cell death induced by CPF was due to apoptosis in hNPCs. Consistent with these findings, CPF treatment reduced the level of Bcl-2 protein and increased the level of Bax protein. Especially, CPF increased the translocation of BAX into the mitochondria. CPF also induced nuclear accumulation of NF-κB and p53 proteins in a concentration-dependent manner, and their inhibitors attenuated CPF-induced cytotoxicity. In addition, an inhibitor of NF-κB nuclear translocation blocked the increase of p53 in CPF-treated hNPCs. These findings show that CPF induced hNPCs death in part through NF-κB activation via ROS generation, enabling the interaction of p53 with Bcl-2 and Bax and subsequent release of cytochrome c. Collectively, these results represent a unique molecular characterization of CPF-induced cytotoxicity in hNPCs. These data suggest that CPF may affect neurodevelopment in a manner similar to that of several known and suspected neurotoxicants.